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(54) Circuit-switched network 



(57) A local switch (LS-1 ,LS-2) serving a terminal 
(TE-1 , TE-2) constituting the destination of an IP packet 
is identified from the IP address of the packet, and time 
slot switching information is formed, this being informa- 



tion relating to a route through an STM network to this 
local switch. The packet can then be transferred through 
the STM network in accordance with this time slot 
switching information. As a result, a packet with an IP 
address can be transferred through an STM network. 
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Description 

[0001] The present invention relates to Synchronous 
Transfer Mode (STM) communications networks, and in 
particular to techniques for transferring data with an In- 
ternet Protocol (IP) address by way of an STM connec- 
tion. 

[0002] A feature of STM-based circuit-switched net- 
works is that because signals on a physical channel are 
multiplexed into time slots and circuit-switched, the de- 
lay during communication is extremely short and there 
is no overhead such as the header required in Asyn- 
chronous Transfer Mode (ATM) where virtual paths and 
cells are employed. In a voice call, for example, quality 
problems arise and echo cancellers may be required if 
there is a delay of more than 20-30 ms. Not just in te- 
lephony, but also in video conferencing and other bidi- 
rectional services in general, it is preferable for delay to 
be short. From this point of view, STM is a transport 
mode which is well suited to digital telephone networks. 
However, a conventional STM-based circuit -switched 
network requires that data are transferred via an STM 
connection set up in advance from a source user termi- 
nal to a destination user terminal. Its applicability is 
therefore limited and such circuit-switched networks are 
only being considered for leased data circuits between 
large businesses. 

[0003] On the other hand, in data communications 
based on an IP architecture, by writing the IP address, 
which is the identification number of a terminal, in the 
header of a packet and sending this to a network such 
as the Internet which supports IP, each router succes- 
sively transfers the datagram without having to search 
for the destination corresponding to the address in ques- 
tion and without having to set up a connection between 
the two terminals which want to communicate. Thus no 
dedicated connection is required and data can be trans- 
ferred by means of an extremely simple procedure. 
However, under this scheme delay is longer than in an 
STM-based circuit-switched network, and some over- 
head is necessary. 

[0004] The present inventors have invented, and ap- 
plied for a patent for, a novel circuit-switched network 
which combines the advantages of an STM-based cir- 
cuit-switched network with the advantages of data com- 
munications based on IP addresses. In the circuit- 
switched network disclosed in this prior patent applica- 
tion, burst data - i.e., a packet - which has been given a 
logical address such as an IP address, has its logical 
address analyzed within an STM network and is trans- 
ferred through the network to the desired destination by 
means of the destination node E.164 address corre- 
sponding to the logical address of the packet's destina- 
tion. 

[0005] The present invention provides a novel circuit- 
switched network capable of transferring packets via an 
STM network using a different approach from that dis- 
closed in the patent application outlined above. 



[0006] The most important feature of the present in- 
vention is that it adds a further header to a packet which 
already has a header in which an IP address has been 
written, and thereby transfers the packet to the desired 
s destination terminal via an STM network. The additional 
header contains routing information relating to the route 
up to the local switch serving the terminal constituting 
the destination indicated by the IP address, this infor- 
mation having been set in advance by the local switch 
io serving the source terminal. A further feature of this in- 
vention is that, during this process, the transit switches 
relocate an arrived packet from one time slot to a differ- 
ent time slot on the basis of the routing information writ- 
ten in the packet header. It follows that dedicated con- 
's nections are not set up in advance in the STM network. 
Instead, each time a switch receives a packet it sets up 
the time slot in which the packet will be carried at that 
point in time. As a result, high bit rate data transfer can 
be carried out as simply and easily as in data commu- 
20 nications based on the IP architecture mentioned 
above, with the entire network acting as if it were an 
enormous router. 

[0007] Namely, the present invention provides a cir- 
cuit-switched network comprising a plurality of local 

25 switches each serving at least one terminal, and at least 
one transit switch connecting these local switches, 
these local switches and the at least one transit switch 
being connected via an STM network, wherein each lo- 
cal switch comprises: means for receiving a packet ar- 
se riving from a terminal, said packet having a header in 
which an IP address has been written; a table in which 
is recorded routing information indicating which route 
should be used for transfer through the STM network to 
this IP address; means for adding to the packet a header 

35 in which is written the routing information corresponding 
to this IP address, said routing information having been 
obtained by looking up the table; and means which looks 
at this added header and transfers the packet in a time 
slot corresponding to said routing information. 

40 [0008] The aforesaid at least one transit switch pref- 
erably comprises: means for looking at the header of the 
packet written in a time slot, the aforesaid routing infor- 
mation having been written in this header; and means 
for relocating the packet, in accordance with the result 

45 obtained by this look-up means, in a time slot corre- 
sponding to the routing information written in the header. 
This routing information is preferably time slot switching 
information indicating in which time slot the packet is to 
be written at each transit switch. The time slot switching 

50 information is thus information indicating the order of the 
time slot relocations required when a packet is trans- 
ferred through the STM network, these relocations be- 
ing carried out at each transit switch and at the local 
switch serving the destination terminal. 

55 [0009] Preferably, each local switch and transit switch 
is also provided with means which, if the aforemen- 
tioned time slot is busy, temporarily stores the packet 
until the time slot in question becomes idle. This ensures 
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that a packet is not discarded when there is no idle time 
slot. 

[0010] The temporary storage means can include 
means for investigating, at fixed time intervals, whether 
a time slot is idle or not. It can also include means which, 
if a time slot is not idle, makes a reservation so that the 
packet will be preferentially placed in that time slot when 
the slot becomes idle. 

[0011] Temporary storage means can be provided for 
each input line. This avoids the situation where there is 
no idle time slot on the line used to transfer packets from 
the input lines to the temporary storage means. It also 
prevents a high volume of traffic from a particular input 
line to the temporary storage means hindering packet 
transfer from another input line to the temporary storage 
means. 

[0012] A transit switch can include: means which ob- 
tains, from the routing information written in the header 
of data which has arrived in a time slot, the number of 
the output line to which this data should be forwarded; 
means for searching for an idle time slot among the time 
slots which can be used for an output line with this 
number; and means which relocates the arrived data in 
the idle time slot found by this search means. 
[0013] In this case the search means can comprise 
means which uses the result of computing a hash func- 
tion (which treats the output line number as a variable 
x) as the time slot number corresponding to that output 
line number. Alternatively, the time slot numbers can run 
in numerical order, and the output line numbers can be 
set in correspondence with these time slot numbers. 
The output line numbers as a whole run in numerical 
order, but each output line number is repeated the same 
number of times as the number of time slots allocated 
for possible use by that output line, and the search 
means can be provided with a table in which are record- 
ed the output line numbers and the first time slot number 
of the time slots corresponding to this output line 
number. Alternatively, the time slot numbers in numeri- 
cal order can be grouped according to their associated 
output line number, and the search means can be pro- 
vided with a table in which are recorded the output line 
numbers and, corresponding to these output line num- 
bers, the first time slot number of a given group of time 
slot numbers and the next time slot number after the last 
number of that group. It is alsof easible to provide means 
for monitoring, for each time slot, whether that time slot 
is idle or not, and for the search means to comprise a 
table in which are recorded chains of time slot numbers 
corresponding to output line numbers, and means 
which, in accordance with the results obtained by the 
monitoring means, removes the numbers of busy time 
slots from the chains and adds the numbers of idle time 
slots to the chains. 

[0014] A plurality of routes can be established be- 
tween source and destination local switches, and the 
source local switches and at least some of the transit 
switches disposed at the branch points in these routes 



can be provided with: a table in which is recorded infor- 
mation mapping these routes to their allocated time 
slots; and means for looking up this table and selecting 
one of the routes in accordance with information relating 
5 to the destination of the arrived data. This selection 
means can also include time slot selection means which 
gives priority to there being few transit switches on the 
route to the destination. 

[0015] In this case, the time slot selection means can 
10 include means for selecting a time slot corresponding to 
the route in which there are fewest transit switches on 
the way to the destination. The time slot selection means 
can also include means which, when the time slot cor- 
responding to the route with fewest transit switches is 
is being used for another communication, selects the time 
slot corresponding to the route with the next fewest 
number of transit switches to the destination. The time 
slot selection means can also include means which, 
when the time slot corresponding to the route with the 
20 fewest transit switches is being used for another com- 
munication, selects a time slot corresponding to another 
route, irrespective of the advance setting of routes to 
various destinations. 

[0016] The temporary storage means preferably in- 
25 eludes means for storing the order in which packets are 
stored, and means which outputs packets in accordance 
with this order, starting from the first packet that was 
stored. It can also comprise timing means which begins 
timing as soon as a packet is stored, and means which 
30 outputs a packet when this timing means has reached 
a prescribed time. The temporary storage means can 
also comprise means in which a queue is provided for 
each time slot corresponding to a different route, and 
which causes a plurality of packets heading on the same 
35 route to be stored in a queue of time slots corresponding 
to this route. 

[0017] According to this invention, there is provided a 
plurality of routing information corresponding to a plu- 
rality of discrete route sections. Each transit switch can 

40 include means which classifies this plurality of routing 
information into used routing information and unused 
routing information, and means for selecting the unused 
routing information from the routing information arriving 
at the switch. This classifying means can include means 

45 which appends to used routing information a bit indicat- 
ing that the routing information has been used, and 
means which deletes used routing information. 
[0018] Embodiments of this invention will be de- 
scribed with reference to the accompanying drawings, 

50 of which: 

Figure 1 shows the basic configuration of a circuit- 
switched network; 

Figure 2 is a block diagram of the main parts of a 
55 local switch; 

Figure 3 is a block diagram of the main parts of a 
transit switch; 

Figure 4 serves to explain routing using time slot 
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switching information; 

Figure 5 serves for a detailed explanation of the 
configuration of a burst buffer; 
Figure 6 gives an example of the configuration of a 
table for ascertaining whether a time slot is idle; 
Figure 7 gives another example of the configuration 
of a table for ascertaining whether a time slot is idle; 
Figure 8 gives an example of a configuration in 
which a burst buffer is provided in each input line; 
Figure 9 gives an example of the configuration of a 
table for finding an idle time slot; 
Figure 10 is a block diagram of an example of the 
configuration of a control module for finding an idle 
time slot; 

Figure 1 1 is a flowchart of a time slot allocation pro- 
cedure; 

Figure 12 shows an example of a table provided in 
the control module for finding an idle time slot; 
Figure 13 shows a relation between time slot 
number and output line number; 
Figure 14 shows an example of a table provided in 
the control module for finding an idle time slot; 
Figure 15 shows a relation between time slot 
number and output line number; 
Figure 16 shows a table provided in the control 
module for finding an idle time slot, and an example 
of the situation in the time slot chain memory; 
Figure 17 shows a relation between time slot 
number and output line number; 
Figure 18 shows an example of the configuration of 
a circuit-switched network in which each switch de- 
termines the next switch; 

Figure 1 9 shows an example of the configuration of 
a routing control module; 

Figure 20 shows an example of the configuration of 
table T7 in Figure 19; 

Figure 21 is a flowchart of the operation of a route 
selection module; 

Figure 22 is a flowchart of the operation of the next 
candidate selection; 

Figure 23 is a flowchart showing another example 
of next candidate selection; 
Figure 24 shows an example of the configuration of 
a circuit-switched network in which routing is carried 
out using E.164 addresses; 
Figure 25 is a block diagram of a first embodiment 
in which the order of the data written in time slots is 
preserved during communication; 
Figure 26 shows an example of the configuration of 
the buffer module in Figure 25; 
Figure 27 shows an example of the configuration of 
a packet order preserving module; 
Figure 28 is a block diagram of a second embodi- 
ment in which the order of the data written in time 
slots is preserved during communication; 
Figure 29 is a block diagram of a third embodiment 
in which the order of the data written in time slots is 
preserved during communication; 



Figure 30 serves to explain the situation where in- 
formation is written to a queue in such a way that 
the time slot switching information at the head of the 
queue is not duplicated; 
s Figure 31 serves to explain a situation where pack- 
ets are transferred after duplicating time slot switch- 
ing information; 

Figure 32 is a block diagram of a fourth embodiment 
in which the order of the data written in time slots is 

io preserved during communication; 

Figure 33 is a block diagram showing an example 
of the configuration of a transit switch provided with 
a used information processing module; 
Figure 34 serves to explain an example of the op- 

i$ eration of a used information processing module; 
and, 

Figure 35 serves to explain another example of the 
operation of a used information processing module. 

20 [0019] Figure 1 shows the basic configuration of a cir- 
cuit-switched network comprising local switches LS-1 
and LS-2 respectively serving terminals TE-1 and TE- 
2, and transit switches TS-1 and TS-2 which connect 
local switches LS-1 and LS-2 to one another. The local 

2S switches and transit switches together comprise STM 
network 1 . 

[0020] The following explanation assumes that a 
packet is to be transferred from terminal TE-1 to terminal 
TE-2. Consequently, although local switch LS-1 is treat- 
so ed as a source node and local switch LS-2 as a desti- 
nation node, and they are described as if they were dif- 
ferent devices, in practice they are identical and their 
positions can be reversed. 

[0021] Figure 2 is a block diagram of the main parts 

35 of local switch LS-1 , which comprises: receiving module 
2 for receiving an IP packet arriving from terminal TE-1 , 
said IP packet having a header in which an IP address 
is written; and table 3 in which is recorded routing infor- 
mation for STM network 1 corresponding to this IP ad- 

40 dress. Receiving module 2 adds to the IP packet a head- 
er in which is written the routing information correspond- 
ing to the IP address, this routing information being ob- 
tained by looking up table 3. Local switch LS-1 further 
comprises transmitting module 4 which transfers the IP 

45 packet in a time slot corresponding to the route to the 
destination, and demultiplexing module 5 for separating 
the output time division multiplex highway of transmit- 
ting module 4. Transmitting module 4 comprises data 
buffer memory DBM, sequential counter CTR and ad- 

so dress control memory ACM for switching time slots by 
sequential write random read, burst buffer 8 for tempo- 
rarily storing packets until idle time slots are available, 
control circuit 9 for controlling modules within transmit- 
ting module 4, and delay circuit 1 0 for compensating for 

55 the delay introduced by control circuit 9. 

[0022] Figure 3 is a block diagram of the main parts 
of transit switches TS-1 and TS-2. These transit switch- 
es each comprise: header look-up module 6 which looks 



3NSDOCIO: <EP 0939576A2_I_> 



4 



7 



EP 0 939 576 A2 



8 



at the header of a packet arriving written in a time slot, 
said header carrying the aforesaid routing information; 
transit module 7 which, in accordance with the header 
found by header look-up module 6, relocates the packet 
in a time slot corresponding to the routing information 
written in the header; and demultiplexing module 5 
which separates the output time division multiplex high- 
way of transit module 7 into individual output lines. Tran- 
sit module 7 comprises data buffer memory DBM, se- 
quential counter CTR, address control memory ACM, 
burst buffer 8, control circuit 9 and delay circuit 10, and 
further comprises data-copying module 11 which copies 
the data input to transit module 7 and outputs a copy to 
header look-up module 6. 

[0023] In this embodiment the routing information is 
time slot switching information which relates to the order 
in which a time slot is relocated when a packet is trans- 
ferred through STM network 1. Namely, this relocation 
order indicates the order in which a time slot is to be 
relocated at transit switches TS-1 and TS-2 and at local 
switch LS-2 serving terminal TE-2. 
[0024] The basic operation of this embodiment will 
now be explained. 

[0025] An IP packet transferred from terminal TE-1 is 
given time slot switching information, which serves as 
routing information, by receiving module 2 in local switch 
LS-1. Namely, receiving module 2 looks up table 3 to 
obtain the time slot switching information which serves 
as routing information that will enable the packet to 
reach local switch LS-2, this being the local switch serv- 
ing terminal TE-2 which is the destination of the IP ad- 
dress contained in the IP packet. Time slot switching in- 
formation corresponding to IP addresses is recorded in 
advance in table 3. 

[0026] Thus a header carrying time slot switching in- 
formation is added to the IP packet, which is then input 
to transmitting module 4. At the same time, information 
relating to the outgoing route from local switch LS-1 is 
transferred to control circuit 9, which attempts to transfer 
data in accordance with this outgoing route information. 
Namely, control circuit 9 ascertains whether a certain 
specified time slot is idle or not by monitoring data buffer 
memory DBM, and if the desired time slot is not idle, it 
temporarily stores the packet to be written in this slot in 
burst buffer 8. If the desired time slot subsequently be- 
comes available, control circuit 9 inputs the packet, 
which has been temporarily stored in burst buffer 8, to 
data buffer memory DBM via delay circuit 10. Delay cir- 
cuit 10 loads the packet into the desired time slot by 
compensating for the delay introduced by control circuit 
9. Writing to data buffer memory DBM is carried out us- 
ing sequential addresses output by sequential counter 
CTR, and reading from DBM is carried out using the out- 
put of address control memory ACM. Switching of time 
slots is accomplished by altering the read order. 
[0027] As shown in Figure 3, transit switches TS-1 
and TS-2 use data-copying module 1 1 to copy the pack- 
et arriving in each time slot and input it to header look- 



up module 6. By virtually regenerating the input packet, 
header look-up module 6 can obtain the header con- 
tained therein, said header having the time slot switch- 
ing information written in it. The recovered time slot 

5 switching information is transferred to control circuit 9. 
Subsequent operations are the same as those of local 
switch LS-1 , comprising monitoring data buffer memory 
DBM and temporarily storing a packet in burst buffer 8 
if an idle time slot is not available, and so forth. The same 

10 operations as at transit switches TS-1 and TS-2 take 
place at local switch LS-2 serving destination terminal 
TE-2 as well, whereby the packet is transferred to ter- 
minal TE-2. 

[0028] Routing using time slot switching information 

is will now be explained with reference to Figure 4. The 
data on the output line of transmitting module 4 and tran- 
sit module 7 is time division multiplexed, and when rout- 
ing to a certain output line, one of the time slots allocated 
to that output line has to be selected. Demultiplexing 

20 module 5 therefore separates the time slots of the time 
division multiplex which is input from the highway into 
fixedly corresponding output lines. The relation between 
time slot position and output line number is semi-fixed, 
so that although the slot switching carried out by trans- 

2S mitting module 4 and transit module 7 is determined for 
each connection, the relation between time slot position 
and output line number at demultiplexing module 5 is 
set each time a link is established. In this, demultiplexing 
module 5 is like a cross-connect. 

30 [0029] Thus, because time slot switching information 
is read from a packet by transit switches TS-1 and TS- 
2 and local switch LS-2, and the packet is relocated in 
a prescribed time slot, a dedicated connection does not 
have to be set up in advance. When transit switches TS- 

36 1 and TS-2 and local switch LS-2 receive a packet, the 
data can be transferred on a link-by-link basis by tem- 
porarily holding a time slot to carry the packet. Here, 
"temporarily" means while a switch is transferring the 
burst. A connection is therefore maintained only during 

40 data transfer, and is released when the transfer is com- 
pleted. 

[0030] As a result, links can be established rapidly 
and take up network resources only during periods of 
data transfer. At other times they are released. In com- 

45 parison with ATM-based data transfer, in which 5 bytes 
of a 53 byte cell are overhead, embodiments of the 
present invention do not require such overhead. More- 
over, since in the present invention there are no prob- 
lems of jitter and no cell loss, assembling packets at the 

so receiving end is easy. 

[0031] The present invention can thus provide STM 
connections dynamically, on the basis of an STM trunk 
network based on the IP addresses used in data com- 
munications. This has previously only been possible in 

ss the case of simple leased lines. It follows that this inven- 
tion can be used to implement a circuit-switched net- 
work in which there is little delay or overhead. 
[0032] Figure 5 serves for a more detailed explanation 
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of the burst buffer. Although transit switches TS-1 and 
TS-2 are on the whole as described with reference to 
Figure 3, in practice they serve a plurality of input lines 
and output lines, as shown in Figure 5. Here it will be 
supposed that there are four input lines #1-#4 and four 
output lines #1-#4. Packets transferred on input lines 
#1-#4 by being carried in time slots are copied by data- 
copying modules 1 1 and input to header look-up module 
6, and at the same time are input to multiplexing module 
1 2 and multiplexed. Because four input lines #1 -#4 were 
assumed, if four time slots are transferred to each input 
line #1-#4, sixteen time slots will be output from multi- 
plexing module 12. Subsequent operations are as pre- 
viously explained, and data output from transit module 
7 is separated into four output lines #1-#4 by demulti- 
plexing module 5. 

[0033] In the example shown in Figure 5, output line 
#4 is connected to the input of burst buffer 8, and the 
output of burst buffer 8 is connected to input line #4 of 
multiplexing module 12. As a result, packets for output 
lines #1 -#3 can be directed to output line #4 when there 
are no idle time slots available for them, and can be tem- 
porarily stored in burst buffer 8. In this example, packets 
for output lines #1-#3 can be stored in respectively as- 
signed buffers B1-B3. 

[0034] Figure 6 shows the configuration of table T1 
provided in control circuit 9 for ascertaining whether a 
specified time slot is idle. Control circuit 9 ascertains 
which time slots are idle by monitoring data buffer mem- 
ory DBM, and records its findings in table T1. 
[0035] At fixed intervals timer 1 3 in burst buffer 8 que- 
ries control circuit 9 regarding the idle time slot situation. 
Control circuit 9 looks up table T1 and replies to this que- 
ry. If a desired time slot has become available, a packet 
for this time slot, this packet having been stored in a 
buffer B1-B3, is output to input line #4 of multiplexing 
module 12. This packet is then processed in the same 
manner as a newly input packet, and is output after be- 
ing put in a time slot corresponding to a desired output 
line#1-#3. 

[0036] Figure 7 shows another example of the config- 
uration of the table for ascertaining whether a specified 
time slot is idle. This table provides reservation table T2 
in addition to the table shown in Figure 6. In this case, 
control circuit 9 ascertains from what has been recorded 
in reservation table T2 whether a packet temporarily 
stored in burst buffer 8 is a packet for which a particular 
time slot has been requested. In this case, timer 13 
shown in Figure 5 is not required, and when a reserved 
time slot becomes available, control circuit 9 can rapidly 
give the buffer permission to transmit a packet waiting 
for this time slot. 

[0037] Figure 8 is an example of providing a burst 
buffer 8 for each input line #1 -#4. For clarity, only the 
burst buffer provided for input line #1 is illustrated, and 
the other burst buffers 8 provided for input lines #2-#4 
have been omitted from the drawing. 
[0038] If one output line is connected to the input of 



burst buffer 8 as in Figure 5, there is a possibility that 
packets will be discarded if there is a concentration of 
packets to be written to burst buffer 8 via this output line. 
Furthermore, if the traffic on a particular input line over- 
5 loads, it will be difficult to write packets from another in- 
put line to burst buffer 8. As opposed to this, because 
the configuration illustrated in Figure 8 provides a sep- 
arate burst buffer 8 for each input line #1 -#4, it can avoid 
packet discard due to traffic concentrations. 
[0039] Control circuit 9 of Figure 8 monitors the idle 
time slot situation and if an input packet has time slot 
switching information specifying a time slot correspond- 
ing to an output line on which there are no idle slots, the 
packet is input to burst buffer 8 by switching over selec- 
tor 1 4. If the time slot requested for the packet stored in 
burst buffer 8 become available, control circuit 9 switch- 
es over selector 15, thereby causing the packet to be 
output from burst buffer 8. 

[0040] In this embodiment, in order to control the 
transfer of packets stored in burst buffer 8, time slot 
management table T1 provided in control circuit 9 and > 
timer 1 3 provided in burst buffer 8 can be utilized in the 
same way as in the embodiment illustrated in Figure 5 
and Figure 6. Alternatively, packet transfer from burst 
buffer 8 can be controlled by providing control circuit 9 
with reservation table T2 in addition to time slot man- 
agement table T1 , as shown in Figure 7. 
[0041] In the foregoing embodiments, because time 
slot switching information is generated by a source edge 
node, a connection is set up regardless of the availability 
of time slots on the various links comprising the route, 
with the result that it may be impossible to acquire a time 
slot at a particular link. In this case the connection setup 
ends up being abandoned en route. Moreover, because 
abandoning a connection setup means that a fresh set- 
up request has to be made all over again at the source 
side, the end result is that packet transfer delay increas- 
es. On the other hand, even if a specified time slot can- 
not be acquired at a particular link, other time slots may 
be idle on the output line from which a packet is to be 
forwarded. 

[0042] it is therefore preferable to search, in accord- 
ance with the address information of a packet, for an 
idle time slot on the output line corresponding to this ad- 
dress, and to write the packet in this time slot. To do this, 
the output line number carried in the time slot switching 
information prepended to the head of the packet is ex- 
tracted. Next, this output line number can for example 
be input to a hash function device, whereby a time slot 
number is output. At the same time, an operation repe- 
titions counter for the hash function device starts to in- 
crement. The value reached by this counter is used 
when computing the hash function, and each time the 
hash function is computed a different time slot number 
is output. The time slot number output in this manner is 
then used as a key for searching a time slot state table 
to establish whether or not that time slot is idle. If it is 
idle, the time slot is allocated. If it is not idle, the proce- 
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dure described above is repeated. Because the hash 
function which is computed makes use of the value 
reached by an operation repetitions counter, the same 
time slot number will not be successively output. This 
procedure is repeated until an idle time slot is found, or 
until the number of computations of the hash function 
reaches an upper limit. If no idle time slot is found when 
the number of computations has reached the upper limit, 
no time slot can be allocated. 

[0043] Alternatively, the time slots allocated to each 
output line can run consecutively. In this case, a table 
of the correspondence between output line numbers 
and time slots is searched using a time slot number. The 
number of the first time slot associated with each output 
line number is recorded in this table. Because the first 
time slots associated with a given output line number 
and with the succeeding output line number can be 
found from this table, a successive check can be made 
of whether the time slots between these two first time 
slots are idle. 

[0044] Alternatively, to remove the restriction that the 
time slot numbers allocated to each output line run con- 
secutively, the time slot numbers given in the table 
showing the correspondence between output line num- 
bers and time slot numbers can comprise a plurality of 
pairs, the first number of each pair being a first time slot 
number and the second number being the time slot 
number followingthe last time slot number. This enables 
the availability of the time slots between a first time slot 
number and the time slot number following the last time 
slot number to be successively checked. 
[0045] Alternatively, instead of using a hash function 
or a table to make successive searches for an idle time 
slot, an idle time slot can be found by a single search. 
To achieve this, unused time slots among the group of 
time slots allocated to each output line are connected in 
a chain, and pointers to the head and tail of these chains 
are held in a table giving the correspondence between 
output line numbers and time slot numbers. Then, when 
an output line number is given, the table is searched and 
the first time slot in the chain of unused time slots from 
among those allocated to the output line in question is 
allocated. When a time slot is released, it is connected 
to the chain of unused time slots. 
[0046] Embodiments of these methods for finding idle 
time slots will now be described with reference to Fig- 
ures 9 to 17. 

[0047] Figure 9 shows an example of the table pro- 
vided in control circuit 9, and illustrates a first embodi- 
ment for searching for an idle time slot. This table T2 
stores, in respective correspondence, output line num- 
bers corresponding to destinations, the number of each 
time slot, and information relating to whether or not there 
is an idle time slot corresponding to a given time slot 
number. Control circuit 9 looks up this table T2 in ac- 
cordance with the destination of a packet and searches 
for an idle time slot. 

[0046] To do this, the output line number carried in the 



time slot switching information prepended to the head 
of the packet is extracted. An idle time slot can be iden- 
tified by providing each time slot with an identifying bit 
which can signify that the time slot is already being used. 
5 Accordingly, the output line which appears in the time 
slot switching information is selected, and the time slot 
used is the first time slot in which the identifying bit has 
not been set. 

[0049] Figure 10 is a block diagram of the inside of 
10 control module 9, and illustrates a second embodiment 
for searching for an idle time slot. According to this con- 
figuration, control module 9 is provided with table T3 
showing the state of the time slots, hash function device 

21 , and operation repetitions counter 22. First of ail, an 
15 output line number is input to hash function device 21 . 

Operation repetitions counter 22 simultaneously starts 
to increment. The value reached by this counter is used 
to compute the hash function. Let it be assumed by way 
of example that there are three output lines and that 
20 each comprises K slots. Letting x stand for the output 
line number, the hash function is defined as 3x+i, where 
i is the value reached by operation repetitions counter 

22. The counter has an initial value of 0 and takes suc- 
cessive values up to K minus 1. In other words, the K 

2S slots given by 3x+i are allocated to output line number 
x, where i ranges from 0 to K-1 . In the present example, 
x and i can take any of values 0, 1 and 2. The availability 
of time slots selected in this way is successively exam- 
ined, and information relating to an idle time slot is re- 

30 ported to address control memory ACM. If there are no 
idle time slots, this is reported. 

[0050] Figure 1 1 is a flowchart of a time slot allocation 
procedure. First of all, a table is searched for the first 
time slot which can be allocated to the output line in 
35 question, and if this is busy (i.e., is not idle) (S1), the 
next time slot is found (S2). This searching is repeated 
until an idle time slot is found, or until there are no further 
time slots to check (S3). 

[0051] Figure 12 shows an example of the table pro- 

40 vided in control module 9, and illustrates a third embod- 
iment for searching for an idle time slot. Figure 1 3 shows 
the resulting relation between time slot numbers and 
output line numbers. According to this configuration, the 
time slot numbers allocated to each output line run in 

45 numerical order, and these sequences are themselves 
consecutive with increasing output line number. Table 
T4 shown in Figure 12 holds the first of the time slot 
numbers allocated to each output line, with the resulting 
correspondence given in Figure 13. Because the first 

so time slots associated respectively with a given output 
line number and the succeeding output line number can 
be found from table T4 of Figure 1 2, the procedure illus- 
trated in Figure 11 can be used to successively examine 
whether the time slots between these two first time slots 

55 are idle or not. Accordingly, information relating to an 
idle time slot can be reported to address control memory 
ACM in the same manner as in the embodiment de- 
scribed with reference to Figure 10 and Figure 11 . Oth- 
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erwise, it is reported that the connection request cannot 
be met. 

[0052] Figure 14 shows an example of the table pro- 
vided in control module 9, and illustrates a fourth em- 
bodiment for searching for an idle time slot. It also shows s 
the relation between output line numbers and time slot 
numbers. The embodiment described with reference to 
Figure 10 and Figure 11 had the restriction that the time 
slot numbers allocated to the output lines run in numer- 
ical order along with the output line numbers, whereas 10 
the embodiment depicted in Figure 1 4 and Figure 1 5 has 
no such restriction. Table T5 giving the correspondence 
between output line number and time slot number has 
pairs of time slot numbers, the first number of each pair 
being the first time slot number of a given group, and is 
the second of the pair being the time slot number follow- 
ing the last time slot number of the same group. The 
time slots allocated to each output line are grouped, and 
in each group the time slot numbers run in numerical 
order. Figure 14 illustrates a table in which is recorded 20 
the correspondence between output line numbers and 
time slot numbers, and the resulting relation between 
time slot numbers and output line numbers is shown in 
Figure 15. By using table T5 shown in Figure 14 to suc- 
cessively check the status of time slots in accordance 2s 
with the procedure depicted in Figure 1 1 , information re- 
lating to an idle time slot can be reported to address con- 
trol memory ACM in the same manner as in the embod- 
iment described with reference to Figure 10 and Figure 
1 1 . Otherwise, it is reported that the connection request 30 
cannot be met. 

[0053] Figure 16 shows an example of a table and 
time slot chain memory provided in control module 9, 
and illustrates a fifth embodiment for searching for an 
idle time slot. Figure 17 shows the corresponding rela- 35 
tion between time slot number and output line number. 
In the embodiments described above it was necessary 
to search a table sequentially in accordance with the 
procedure of Figure 11 in order to obtain an idle time 
slot, but in this fifth embodiment an idle time slot can be 40 
obtained by means of a single search. The unused time 
slots in the groups of time slots allocated to each output 
line are connected in a chain. Table T6, in which the cor- 
respondence between output line number and time slot 
number is recorded, therefore holds pointers to the head 45 
and tail of these chains of unused time slots from among 
those allocated to the output lines. As shown in Figure 
16, time slot chain memory 30 uses pointers to connect 
the time slot numbers in chains. According to this em- 
bodiment, when an output line number is given, table T6 so 
is searched and the time slot at the head of the chain of 
unused time slots allocated to the output line in question 
is allocated. When a time slot is released, its time slot 
number is connected to the chain of unused time slots. 
Thus once table T6 has been prepared, the mapping ss 
from time slot numbers to output line numbers can easily 
be found. 

[0054] As has been explained above, this invention 



has some flexibility in writing a packet in an idle time 
slot, this being achieved by searching in accordance 
with the packet's destination information for an idle time 
slot in the output line for that destination, and then writ- 
ing the packet in that time slot. This helps to suppress 
the discarding of connection setup requests, and to re- 
duce packet transfer delay. 

[0055] In the foregoing embodiments, discarding of 
data can be suppressed by searching for an idle time 
slot, but because the route between switches is fixed, 
the data has to wait at a switch on the route if there are 
no idle time slots available between that switch and the 
next on the route. According to the attributes of the data, 
it may end up being discarded while waiting, or the delay 
incurred in waiting may be a factor resulting in the data 
ending up being discarded even if it does finally arrive 
at its destination. This problem becomes acute if the 
configuration of routes grows more complicated as a re- 
sult of an increase in the number of transit switches, or 
if one route serves as a common route to a large number 
of destinations. Accordingly, given a configuration in 
which a plurality of switches are interconnected, each 
switch can be provided with a table in which information 
relating to a plurality of routes to desired destinations is 
recorded in advance, so that when data are to be trans- 
ferred, rather than all the time slot switching information 
up to the final destination of that data being determined 
by the switch at the entrance to the burst circuit-switched 
network, each switch can determine the switch to which 
the data should next be transferred, by looking up the 
state of the time slots at that point in time. As a result, 
the latency of data transfer at the switches can be short- 
ened and the amount of discarded data can be reduced. 
Embodiments of this sort will now be described with ref- 
erence to Figures 18 to 23. 

[0056] Figure 1 8 shows an example of the configura- 
tion of a circuit-switched network in which each switch 
determines which switch data will be transferred to next. 
This embodiment comprises source switch SW1 serving 
source terminal TE11, destination switch SW2 serving 
destination terminal TE12, and a plurality of transit 
switches SW1 1 -S W1 8 disposed between switches SW1 
and SW2. A plurality of routes are established between 
switches SW1 and SW2. The configuration of switches 
SW1 , SW2 and SW1 1 -SW1 8 is basically similar to that 
described with reference to Figure 2 or Figure 3, but in 
this embodiment the configuration of the switches is rep- 
resented as comprising burst circuit-switching node B 
and routing control module R, these setting up connec- 
tions by specifying time slot switching information. Rout- 
ing control module R corresponds to some of the func- 
tions of control circuit 9 in Figure 2 or Figure 3, and burst 
circuit-switching node B corresponds to the remaining 
parts of the switch. In Figure 1 8 the routing control mod- 
ule R is shown only for switches SW1, SW2, SW11, 
SW12 and SW13 positioned at route branch points. 
[0057] Figure 1 9 shows an example of the configura- 
tion of routing control module R, which comprises table 
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T7 in which is recorded information mapping a plurality 
of routes to time slots to be allocated, and route selec- 
tion module 40 which looks at table T7 and selects some 
of the plurality of routes in accordance with the destina- 
tion information of data which has arrived. Route selec- 
tion module 40 preferentially selects routes on which 
there are few transit switches en route to a given desti- 
nation. 

[0058] Figure 20 shows an example of the configura- 
tion of table T7, in which are recorded, in correspond- 
ence with a final destination address (DA), a next switch 
and the time slot switching information required to reach 
this switch. If there are a plurality of routes by which the 
next switch can be reached, information relating to all of 
these routes is recorded in table T7, in which case the 
number of transit switches is indicated for each of these 
routes. 

[0059] For example, given data from source terminal 
TE11 directed towards destination terminal TE12, 
"TE12" will be recorded as the final destination address 
(DA). If the table belongs to switch SW1 , "SW11 , SW1 2" 
is recorded as the next switch. Both B SW1 - SW15 - 
SW1 2" and "SW1 - SW1 4 - SW1 1 - SW1 2" are possible 
routes from switch SW1 to switch SW12, and this infor- 
mation is also noted. Furthermore, as time slot switching 
information there is recorded "#1, #2° corresponding to 
switch SW11, "#3, #4" corresponding to switch SW12, 
and "#5" corresponding to the hop between switch 
SW11 and switch SW12. 

[0060] When a packet arrives from source terminal 
TE11, switch SW1 at the entrance of this circuit- 
switched network extracts the final destination address 
from the packet. It searches table T7 of routing control 
module R on the basis of this final destination address 
and obtains switch SW11 and switch SW12 as the next 
switch to which it has to transfer the packet. Likewise, it 
obtains the time slot switching information required to 
reach switch SW11 or switch SW12. Switch SW1 then 
sets this time slot switching information in the address 
control memory of burst circuit-switching node B. It also 
writes the time slot switching information in the appro- 
priate time slot on the output highway of burst circuit- 
switching node B, thereby setting up a connection to 
next switch SW1 1 or SW1 2. Switches S W1 4 and SW1 5 
are respectively present as passive nodes between 
switch SW1 and next switch SW11 , and between SW1 
and SW12, and the address control memory of these 
switches SW14 and SW1 5 is set automatically by hard- 
ware, using the time slot switching information written 
in the relevant time slot. 

[0061] Let it be assumed that SW1 - SW15 - SW12 
and S W1 - SW1 4 - SW1 1 - S W1 2 are the possible routes 
from SW1 to next switch SW1 2. Both of these routes will 
therefore be recorded in table T7. Route selection mod- 
ule 40 of switch SW1 first of all selects the route with 
the fewest transit switches as the first candidate. In this 
case, the route SW1 - S W1 5 - SW1 2 has the fewest tran- 
sit switches and is therefore the first candidate route. 



However, if the time slot at switch SW1 corresponding 
to this route is busy, route selection module 40 selects 
SW1 - SW14 - SW11 - SW12, which is the next candi- 
date route. If there is an idle time slot corresponding to 

5 the next candidate route, the data is transferred to 
switch SW12 via the next candidate route. Transit 
switches SW11 and SW12 both perform the same 
processing as switch SW1 , and thereafter the data is 
transferred to the final destination in similar manner. 

10 [0062] Figure 21 and Figure 22 are flowcharts of the 
operation of route selection module 40. Route selection 
module 40 first of all looks at the destination information 
written in the header of a packet which has arrived (S11 ) 
and specifies the final destination. Next, it looks at table 

is T7 and extracts the routes to this destination. It then se- 
lects one of these routes as the first candidate (S12), 
and decides whether or not this first candidate is the 
route with the smallest number of transit switches (SI 3). 
Next, it looks at the time slot information at this point in 

20 time (S14) and if the time slot corresponding to this first 
candidate route is idle (S15), it sets this time slot as the 
slot for transferring the packet (S 16). If however the time 
slot corresponding to this first candidate route is not idle 
(S15), route selection module 40 selects the next can- 

2S didate (S17). 

[0063] As shown in Figure 22 : to select the next can- 
didate, route selection module 40 selects, from the 
routes to the destination in question, the route with the 
next fewest transit switches after the first candidate 

30 (S21). It then looks at the time slot information at this 
point in time (S22) and if the time slot corresponding to 
this second candidate route is idle (S23), it sets this time 
slot as the time slot for transferring the packet in ques- 
tion (S16). If this second candidate does not have an 

35 idle time slot either, a route is determined by succes- 
sively repeating the procedure described above 
(S21 -S24) for third, fourth and further candidates, as re- 
quired. 

[0064] Another way of selecting the next candidate is 

40 shown in Figure 23. In this example, the procedure for 
selecting the next candidate when the time slot corre- 
sponding to the first candidate route is not idle is differ- 
ent from the procedure illustrated in Figure 22. Namely, 
when a first candidate route has been selected by look- 

45 ing up the destination information in the packet, if the 
time slot for this first candidate route is not idle, route 
selection module 40 selects an idle time slot irrespective 
of route (S24). This generally results in the latency of 
data at switches SW1, SW2 and SW11-SW13 being 

so shortened. The subsequent data transfer route will 
sometimes have needlessly many transit switches, but 
because the data transfer delay due to the data transfer 
latency at switches SW1, SW2 and SW11-SW12 is 
greater than the data transfer delay due to the redundant 

55 transit switches in the data transfer route, data transfer 
delay can be shortened by this alternative next candi- 
date selection procedure. 

[0065] In the foregoing explanation, routing usingtime 



9 



BNSOrriCV rEB_n93957fiA?_l_'* 



17 



EP 0 939 576 A2 



18 



slot switching information has been described, but this 
embodiment is likewise applicable to routing using an 
E.164 address. Namely, in a circuit-switched network 
where routing is performed using an E.164 address, 
routes are allocated in accordance with the E.164 ad- s 
dress, a plurality of routes are established in advance 
for this E.164 address at switches SW1, SW2 and 
SW11-SW13, and the route with the smallest number of 
transit switches in the data transfer is selected. 
[0066] Figure 24 shows an example of the configura- 10 
tion of a circuit-switched network in which routing is per- 
formed using an E.164 address. In this circuit-switched 
network, routes are allocated between the switches (lo- 
cal switches LS-3 and LS-4, and transit switches TS-3 
and TS-4) in accordance with an E. 1 64 address. By writ- is 
ing the data in time slots corresponding to the route 
specified in accordance with the E.164 address written 
in the E.164 header, this data is transferred to the de- 
sired destination. Namely, in Figure 24, when an IP 
packet transmitted from communications terminal TE-1 20 
arrives at local switch LS-3 at the entrance of STM net- 
work 1 , an E.164 address corresponding to the packet 
destination written in the IP header is given by control 
unit 41 provided in this local switch LS-3. This E.164 
address is added to the IP header as an E.1 64 header. 2s 
Transit switches TS-3 and TS-4 and local switch LS-4 
can transfer the data to the desired destination by each 
writing the packet data in a time slot corresponding to 
the route corresponding to the E.164 address. 
[0067] This configuration can shorten the data trans- 30 
f er latency at each switch and can decrease the amount 
of data discarded. This is achieved in similar manner to 
the examples illustrated in Figures 18 to 23, by setting 
a plurality of routes for reaching a given E.1 64 address, 
ascertaining at each switch whether a time slot is cur- 35 
rently idle or not, and thereby determining the switch to 
which the data should next be transferred. 
[0068] In the foregoing embodiments, if a communi- 
cation makes use of a plurality of time slots but only 
some of the time slots can be acquired at a particular *o 
link in the route, the order of the packets cannot be pre- 
served during data transfer. If data has been interleaved 
and only some of the data is transferred, it will end up 
as meaningless data. 

[0069] Accordingly, in cases where a communication 45 
uses a plurality of time slots but only some of the time 
slots can be acquired at a particular link in the route, it 
is preferable to provide means which enables the order 
of the data written in the time slots to be preserved dur- 
ing communication. Such embodiments will now be de- so 
scribed with reference to Figures 25 to 32. 
[0070] Figure 25 is a block diagram of a first embod- 
iment in which the order of the data written in time slots 
is preserved during communication. This embodiment 
comprises: line switching module 50 which implements 55 
the functions of the switches illustrated in Figures 2 and 
3; output line idle time slot monitoring module 51 for 
monitoring information relating to which time slots are 



idle; buffer module 52 which, when a specified time slot 
is not idle, temporarily stores the packet which should 
be placed in that time slot; and packet order preserving 
module 53 which, when the result of monitoring by out- 
put line idle time slot monitoring module 51 indicates that 
a specified time slot has become available, reads the 
corresponding packet from buffer module 52. Buffer 
module 52 and line switching module 50 are connected 
by time division multiplex lines, so that information can 
be communicated between the two modules regardless 
of the time slot position it is placed in on the line. 
[0071] Given this configuration, output line idle time 
slot monitoring module 51 monitors for idle time slots 
and when an idle time slot becomes available, reports 
its line number to packet order preserving module 53. 
Packet order preserving module 53 stores the order in 
which packets have been stored in buffer module 52 and 
reads out the packets in accordance with this stored 
storage order, starting with the first to have been stored. 
As a result, given an output line on which time slots have 
become available, buffer module 52 selects the oldest 
of the packets which have this line as their output des- 
tination and outputs the packet to this line. 
[0072] Figure 26 shows an example of the configura- 
tion of buffer module 52, comprising time division multi- 
plex blocks 54 and 55, and queue generator block 56. 
Time division multiplex blocks 54 and 55 separate the 
time division multiplex channels connecting buffer mod- 
ule 52 and line switching module 50, in accordance with 
the order of the time slots. When a packet to be trans- 
ferred to buffer module 52 is detected, queue generator 
block 56 forms queues and generates a correspond- 
ence between queue numbers and time slots. 
[0073] Figure 27 shows an example of the configura- 
tion of packet order preserving module 53, comprising 
a ring register in which pointers are used to construct 
chains for each output line. If an idle slot becomes avail- 
able in a certain output line, the queue at the head of 
the chain associated with that line begins to be trans- 
ferred. The example illustrated in Figure 27 shows that 
packets arrived in the following orders: queue A, queue 
C, queue E on output line #1 , and queue B, queue D on 
output line #2. 

[0074] Figure 28 is a block diagram of a second em- 
bodiment in which the order of the data written in time 
slots is preserved during communicatbn. This embodi- 
ment is provided with timers 57 which start when a cor- 
responding packet is stored in buffer module 52. When 
a timer 57 has reached a specified time, a packet is out- 
put from buffer module 52. Buffer module 52 is divided 
logically into queues 56-1 , 56-2 and 56-3 for each pack- 
et, and a timer 57 is provided for each queue. When 
packets are transferred to buffer module 52, queues 
56-1 , 56-2 and 56-3 are formed and their attendant tim- 
ers 57 are set to prescribed values. When timers 57 fin- 
ish timing, the packets start being transferred from buff- 
er module 52. 

[0075] In the embodiments illustrated in Figures 25 to 
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27, it was necessary to exchange information between 
output line idle time slot monitoring module 51 and buffer 
module 52, said information relating to the output lines 
on which idle time slots are available and being ex- 
changed via packet order preserving module 53. As op- 
posed to this, in the embodiment shown in Figure 28 
buffer module 52 can determine its operation autono- 
mously, which makes it easy to construct a high-speed 
circuit. 

[0076] Figure 29 is a block diagram of a third embod- 
iment in which the order of the data written in time slots 
is preserved during communication. This embodiment 
differs from the embodiments described above in that 
queues 56-1 , 56-2 and 56-3 are provided for each time 
slot corresponding to a different route, and in that there 
is provided slot switching module 58 which causes pack- 
ets directed to the same route to be stored in time slot 
queue 56-i (where i is an integer from 1 to 3) correspond- 
ing to this route. This slot switching module 58 serves 
to bundle a plurality of time slots in one logical queue. 
In the previous embodiment there was a one-to-one 
connection between a logical queue and a time slot on 
the time division multiplex line connecting buffer module 
52 and line switching module 50, but in the present em- 
bodiment slot switching module 58 maps a plurality of 
time slots to a single logical queue. In the example illus- 
trated in Figure 29, the second and third slots in the time 
division multiplex line from line switching module 50 are 
allocated to queue A. 

[0077] When information from a plurality of time slots 
is input to a single queue, it is written to the queue in 
such a way that the time slot switching information at 
the head of the data is not duplicated. In the example of 
Figure 30, which illustrates this, the time slot switching 
information which has arrived in the first and second 
slots of frames in the time division multiplex line from 
line switching module 50 is "3", "2", °6" and "1 ". The du- 
plicated time slot switching information is discarded 
without being written in queue A. 
[0078] Output line idle time slot monitoring module 51 
monitors which time slots are idle in each output line, 
and when a slot becomes idle, notifies buffer module 52 
of its line number and also the number of idle slots. 
When a packet is to be transferred, the number of time 
slots read from buffer module 52 is adjusted accordingly, 
up to the maximum number of idle slots on the output 
line. Figure 31 shows the situation where a packet is 
transferred after copying the time slot switching infor- 
mation. If there are a plurality of time slots to read, as in 
Figure 31 , when the read is started the packet is trans- 
ferred while copying the time slot switching information. 
In the example of Figure 31, the first and second slots 
on the time division multiplex line from buffer module 52 
to line switching module 50 were allocated to queue A. 
[0079] Figure 32 is a block diagram of a fourth em- 
bodiment in which the order of the data written in time 
slots is preserved during communication. This embodi- 
ment provides slot switching module 68 shown in Figure 



29, but using the embodiment illustrated in Figure 28. 
The operation of each module is the same as that ex- 
plained in these respective embodiments. 
[0080] By thus communicating while preserving the 

5 order of the data written in the time slots, discarding of 
connection setup requests can be reduced. Conse- 
quently, because packet retransmission is also reduced, 
packet transfer delay can be shortened. Moreover, if a 
communication uses a plurality of time slots but only 

10 some of the time slots can be acquired at a particular 
link of the route, the communication can still be carried 
out while preserving the order of the data written in the 
time slots. 

[0081] In order to avoid incorrect routing due to the 
is wrong routing information, and a plurality of routing in- 
formation corresponding to a plurality of subdivided sec- 
tions has been provided, it is preferable to treat routing 
information relating to sections of the route which have 
already been passed as used information. An embodi- 
20 ment of this sort will be described with reference to Fig- 
ures 33 to 35. 

[0082] Figure 33 shows a transit switch configuration 
similar to that illustrated in Figure 3, but differing in that 
used information processing module 60 is provided be- 

25 tween delay circuit 10 and data buffer memory DBM. 
This used information processing module 60 classifies 
time slot switching information, which is routing informa- 
tion, into used and unused information, thereby avoiding 
the possibility of a transit switch routing using the wrong 

30 time slot switching information. 

[0083] Figure 34 serves to explain an example of the 
operation of used information processing module 60, 
showing the change in the data after it passes a transit 
switch. In this example, a special bit is used to classify 

35 the time slot switching information into used and unused 
information. Namely, used information processing mod- 
ule 60 of a transit switch which has performed routing 
sets the special bit to °1 ° in the time slot switching infor- 
mation which the transit switch itself has used, in the 

40 example of Figure 34, because transit switch TS-1 has 
performed routing using time slot switching information 
TS#i, the special bit is set to "1 B at this address. When 
header look-up module 6 of transit switch TS-2 receives 
this time slot, it performs routing in accordance with the 

45 first of the time slot switching information remaining after 
the lime slot switching information in which the special 
bit is set to "1" has been removed, namely, in accord- 
ance with TS#j. This enables transit switches TS-1 and 
TS-2 to avoid routing in accordance with the wrong time 

50 slot switching information. 

[0084] Figure 35 serves to explain another example 
of the operation of used information processing module 
60, showing the change in the data after it passes 
through a transit switch. Inthis example, in ordertoclas- 

55 sify time slot switching information into used and unused 
information, used time slot switching information is de- 
leted. In the example of Figure 35, because transit 
switch TS-1 has performed routing using time slot 
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switching information TS#i, it deletes this information. 
When header look-up module 6 of transit switch TS-2 
receives the illustrated time slot, it performs routing in 
accordance with the first time slot switching information 
TS#j. In this way. transit switches TS-1 and TS-2 can s 
avoid routing in accordance with the wrong time slot 
switching information. 

Claims 10 

1 . A circuit-switched network comprising a plurality of 
local switches each serving at least one terminal, 
and at least one transit switch connecting these lo- 
cal switches, the local switches and the at least one is 
transit switch being connected via a Synchronous 
Transfer Mode (STM) network, wherein each local 
switch comprises: 

means for receiving a packet arriving from a 
terminal, said packet having a header in which an 20 
Internet Protocol (IP) address has been written; a 
table in which is recorded routing information indi- 
cating which route should be used for transfer 
through the STM network to this IP address; means 
for adding to the packet a header in which is written 2S 
the routing information corresponding to this IP ad- 
dress, said routing information having been ob- 
tained by looking up the table; and means which 
looks at this added header and transfers the packet 
in a time slot corresponding to said routing informa- 30 
tion. 

2. A circuit-switched network as claimed in claim 1, 
wherein the at least one transit switch comprises: 
means for looking at the header of the packet writ- 35 
ten in a time slot, the aforesaid routing information 
having been written in this header; and means for 
relocating the packet, in accordance with the result 
obtained by this look-up means, in a time slot cor- 
responding to the routing information written in the 40 
header. 

3. A circuit-switched network as claimed in claim 1 or 
claim 2, wherein the routing information is time slot 
switching information indicating in which time slot *s 
the packet is to be written at each transit switch. 

4. A circuit-switched network as claimed in any ot the 
preceding claims, wherein there is provided means 
which, if the aforementioned time slot is busy, tern- so 
porarily stores the packet until the time slot in ques- 
tion becomes idle. 

5. A circuit-switched network as claimed in claim 4, 
wherein the temporary storage means includes ss 
means for investigating, at fixed time intervals, 
whether the time slot is idle or not. 



6. A circuit -switched network as claimed in claim 4, 
wherein the temporary storage means includes 
means which, if the time sbt is not idle, makes a 
reservation so that the packet will be preferentially 
placed in that time slot when the time slot becomes 
idle. 

7. A circuit -switched network as claimed in any of 
claims 4 to 6, wherein the temporary storage means 
is provided for each input line. 

8. A circuit-switched network as claimed in any of the 
preceding claims, wherein the at least one transit 
switch includes: means which obtains, from the 
routing information written in the header of data 
which has arrived in a time slot, the number of the 
output line to which this data should be forwarded; 
means for searching for an idle time slot among the 
time slots which can be used for an output line with 
this number; and means which relocates the arrived 
data in the idle time slot found by this search means. 

9. A circuit-switched network as claimed in claim 8, 
wherein the search means comprises means which 
uses the result of computing a hash function, which 
treats the output line number as a variable x, as the 
time slot number corresponding to that output line 
number. 

10. A circuit -switched network as claimed in claim 8 or 
claim 9, wherein: 

the output line numbers are set in numerical or- 
der in correspondence with the time slot num- 
bers which also run in numerical order, with 
each output line number being repeated the 
same number of times as the number of time 
slots allocated for possible use on that output 
line; and 

the search means is provided with a table in 
which are recorded the output line numbers and 
the first time slot number of the time slots cor- 
responding to this output line number. 

11. A circuit-switched network as claimed in any of 
claims 8 to 10, wherein: 

the time slot numbers in numerical order are 
grouped according to their associated output 
line number; and 

the search means is provided with a table in 
which are recorded the output line numbers 
and, corresponding to these output line num- 
bers, the first time slot number of a given group 
of time slot numbers and the next time slot 
number after the last number of that group. 

12. A circuit-switched network as claimed in any of 
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claims 8 to 11 , wherein: 

there is provided means for monitoring, for 
each time slot, whether that time slot is idle or 
not; and 

the search means includes a table in which are 
recorded chains of time slot numbers corre- 
sponding to output line numbers, and means 
which, in accordance with the results obtained 
by the monitoring means, removes the num- 
bers of busy time slots from the chains and 
adds the numbers of idle time slots to the 
chains. 

A circuit-switched network as claimed in any ol the 
preceding claims, wherein: 

a plurality of routes is established between 
source and destination local switches; 
the source local switches and at least some of 
the transit switches disposed at the branch 
points in these routes are provided with: a table 
in which is recorded information mapping these 
routes to their allocated time slots; and means 
for looking up this table and selecting one of the 
routes in accordance with information relating 
to the destination of the arrived data; and 
this selection means includes time slot selec- 
tion means which gives priority to there being 
few transit switches on the route to the destina- 
tion. 

A circuit-switched network as claimed in claim 1 3, 
wherein the time slot selection means includes 
means for selecting a time slot corresponding to the 
route in which there are fewest transit switches to 
the destination. 

. A circuit-switched network as claimed in claim 14, 
wherein the time slot selection means includes 
means which, when the time slot corresponding to 
the route with fewest transit switches to the desti- 
nation is being used for another communication, se- 
lects the time slot corresponding to the route with 
the next fewest number of transit switches to the 
destination. 



eludes means for storing the order in which packets 
are stored, and means which outputs packets in ac- 
cordance with this order, starting from the first pack- 
et that was stored. 

5 

18. A circuit-switched network as claimed in at least 
claim 4, wherein the temporary storage means com- 
prises timing means which begins timing as soon 
as a packet is stored, and means which outputs a 

w packet when this timing means has reached a pre- 
scribed time. 

19. A circuit-switched network as claimed in at least 
claim 4, wherein the temporary storage means com- 

1S prises means in which a queue is provided for each 
time slot corresponding to a different route, and 
which causes a plurality of packets heading on the 
same route to be stored in a queue of time slots cor- 
responding to this route. 

20 

20. A circuit-switched network as claimed in at least 
claim 2, wherein: 

there is provided a plurality of routing tnforma- 
2S tion corresponding to a plurality of discrete 

route sections; 

each transit switch comprises means for clas- 
sifying this plurality of routing information into 
used routing information which has been used 
30 by the relocating means, and unused routing in- 

formation; and 

the look-up means of each transit switch in- 
cludes means for selecting the unused routing 
information from the routing information arriv- 
es ing at the transit switch. 

21. A circuit-switched network as claimed in claim 20, 
wherein the classifying means includes means 
which appends to used routing information a bit in- 

40 dicating that the routing information has been used. 

22. A circuit-switched network as claimed in claim 20 or 
claim 21 , wherein the classifying means includes 
means which deletes used routing information. 

45 



. A circuit-switched network as claimed in claim 14, 
wherein the time slot selection means includes 
means which, when the time slot corresponding to 
the route with the fewest transit switches to the des- 
tination is being used for another communication, 
selects a time slot corresponding to another route, 
irrespective of the advance setting of routes to var- 
ious destinations. 

\ A circuit-switched network as claimed in at least 
claim 4, wherein the temporary storage means in- 
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